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Chapter 1.  General introduction 
Project Description 
This thesis reports the candidate’s findings for two separate research projects.  The 
first project entails monitoring annual stream water nitrate-N flux, along a spatial gradient, 
and in response to specific storm events within a watershed dominated by row-crop 
agriculture.  It has been well documented how row-crop agriculture and nitrogen fertilization 
in the Midwest has been implicated in cultural eutrophication leading to the hypoxic zone in 
the Gulf of Mexico (Rabalais et al. 2002).  Nitrogen fertilization is required to maintain high 
levels of production of maize (Follett and Delgado 2002).  These nitrogen fertilizers go 
through the process of nitrification, converting the ammoniacal nitrogen into nitrate-N.  Due 
to nitrates high solubility, it is the predominate form of nitrogen exported to surface waters 
(David et al. 1997).  In order to make informed decisions for nutrient management, both 
spatial and seasonal patterns of nitrate-N flux need to be understood.  Climate and hydrology 
are both critical factors in controlling the nitrate-N flux.  The objective of the first project 
was to better understand the dynamics of nitrate-N flux within a watershed dominated by 
row-crop agriculture.  The study location was the Bear Creek watershed, located in central 
Iowa in the Des Moines Lobe physiographic region.  It is a small 6900 hectare watershed.  
The soil’s parent material primarily consists of glacial till.  Current land use within the 
watershed is dominated by agriculture, with approximately 87% of the land in row crop and 
pasture land agriculture (Isenhart et al. 1997).     
The second research project entails quantifying the impacts of concentrated flow on 
the performance of grass filter strips and riparian forest buffers.  Soil erosion and nutrients 
transported in surface runoff have led to lower levels of agricultural production and surface 
water impairment.  Riparian buffers as an edge of field practice have been accepted as a best 
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management practice to improve surface water quality (Daniels and Gilliam, 1996, Isenhart 
et al., 1997, Magette et al., 1989, Schultz et al., 1995).   Many studies have shown the 
efficiency with which buffers reduce pollutants associated with surface runoff.  Lee et al., 
(1999) and Mendez et al., (1999) found that cool season grass filter strips ranging from 3 m 
to 8. 5 m wide were capable of reducing sediment load 62 – 90% and nitrate-N load 35 – 
77%.  Dosskey et al, (2001) summarizes numerous other studies which examined the 
retention of sediment and nutrients within the riparian buffers.  These studies showed similar 
results to those of Lee and Mendez.  However, these studies were not performed at the 
hillslope scale and did not incorporate the effects of concentrated flow.  A majority of the 
studies to date have dealt with the effectiveness of buffers at the plot scale and under uniform 
flow conditions.  Few have addressed the impacts of concentrated flow on riparian buffers at 
the hillslope scale.  The purposes of this study are to (i) quantify pollutant load from 
concentrated flow, at the hillslope scale and under natural rainfall conditions; (ii) determine 
the riparian forest’s and grass filter’s ability to mitigate the effects of concentrated flow; (iii) 
compare sediment yield from small catchments with substantial ephemeral gully with 
predicted values using the Modified Universal Soil Loss Equation (MUSLE).  The study was 
conducted on two private farms located in the Lake Darling and Lake Rathbun watersheds.  
Both watersheds are located in the Southern Iowa Drift Plain physiographic region.   
Thesis organization 
This thesis reports the candidate’s work on monitoring nitrate-N flux within the Bear 
Creek watershed and on quantifying the impacts of concentrated flow on the performance of 
grass filter strips and riparian forest buffers.  The thesis was formatted in a suitable manner 
for publication in Journal of Environmental Quality.  There are three separate manuscripts 
entitled “Monitoring Bear Creek nitrate-N flux,” “Sediment loss from small catchments with 
ephemeral gullies: A comparison of measured and predicted yield,” and “Quantifying the 
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impact of concentrated flow on grass filter strips and riparian forest buffers.”  Each 
manuscript includes an abstract, introduction, materials and methods, results, discussion, 
conclusion, and reference section.  The manuscripts are preceded by a general introduction, 
and are followed by a general discussion section. 
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Chapter 2.  Monitoring Bear Creek nitrate-N flux  
Modified from a paper to be submitted to Journal of Environmental Quality 
Keegan J. Kult, Thomas M. Isenhart, Matthew J. Helmers, and Richard C. Schultz 
Abstract 
Hydrology and climate are critical factors controlling NO3--N flux.  In order to 
understand the dynamics of stream water nitrate-N flux, a small agricultural 6900 ha 
watershed was monitored throughout the year, along a spatial gradient, and in response to 
specific storm events.  Seven sampling locations along the Bear Creek watershed were 
monitored for nitrate-N concentration from January 2006 through June 2008.  Two sampling 
locations were located along each of the two main tributaries, with three others distributed 
along the main channel of Bear Creek.  Grab samples were taken on an approximately bi-
weekly basis, with increased sampling intensity during the spring.  Event based samples were 
taken at a site mid-watershed next to an instrumented weir in order to assess the NO3--N 
concentration response during a storm event.  A stage-discharge rating curve was developed 
in order to quantify NO3--N flux.  Nitrate-N concentrations were relatively high during the 
study period and exceeded the EPA’s maximum contaminant level (MCL) of 10 mg L-1 for 
drinking water at a majority of the sites throughout the year.  The headwater of West Bear 
Creek (a tributary of Bear Creek) was over the MCL 89% of the time, which was the highest 
for any of the seven sites.  The furthest downstream site, was over the MCL the least amount 
of time of any site, but was still higher than 10 mg L-1 47% of the time.  There was a general 
trend of decreasing NO3--N concentration from the headwaters to the outlet of Bear Creek.  A 
spatial gradient was more profound during the spring and fall months, which was attributed 
to the effects of subsurface drainage.  Spring consistently had the highest NO3--N 
concentrations of all the seasons for each of the sampling sites.  NO3--N concentrations were 
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the lowest during the summer months when subsurface drainage was limited and conditions 
are ideal for in-stream processing.  Event samples showed that there was a lag between peak 
NO3--N concentrations and the peak in the hydrograph.     
Introduction 
Intensive historic land use change in the Upper Midwest has led to surface water 
quality degradation.  The conversion to row crop agriculture has raised NO3--N concentration 
levels which have been implicated in cultural eutrophication leading to the hypoxic zone in 
the Gulf of Mexico (Rabalais et al. 2002).  Schilling and Libra (2000) reported a linear 
relationship between annual nitrate concentration in streams and rivers based on the 
percentage of land within the watershed in row crop production.  Nitrogen fertilization is 
required to maintain high levels of production of maize (Follett and Delgado 2002). Baker et 
al. (2008), report that for 8.9 mg ha-1, at least 202 kg ha-1 of N is required. Common types of 
mineral commercial nitrogen fertilizer include: anhydrous ammonia, urea, urea ammonium 
nitrate, ammonium nitrate, and ammonium sulfate (Sawyer 2002).  Supplemental animal 
manure is also sometimes applied.  Applied nitrogen is susceptible to losses from the system 
without being utilized by the crops through leaching, denitrification, volatilization and 
immobilization (Dinnes et al., 2002). Application timing is critical to ensure that applied 
nitrogen is not lost through these processes.  Many producers apply nitrogen in the fall 
following harvest because there often is a limited amount of time in the spring for application 
due to frequent saturated soil conditions, and fertilizer cost is often lower. For fall 
application, it is recommended to wait until the soil temperature has fallen below 10° C in 
order to minimize nitrification of the ammoniacal fertilizers to NO3--N, and reduce losses 
through leaching and denitrification (Gentry et al. 2000). Due to nitrates high solubility, it is 
the predominate form of nitrogen exported from row crop agriculture into surface waters 
(David et al. 1997).     
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Extensive artificial subsurface drainage is commonly used throughout the Midwestern 
states in order to improve farmability of poorly-drained soils (Lawlor et al., 2008).  Research 
has shown that an increase in subsurface drainage intensity increases the amount of N 
exported from the watershed (Skaggs et al., 2005).  The artificial drainage effectively 
bypasses the agricultural system’s ability to utilize the nitrogen by quickly delivering the 
NO3--N in solution to a stream or river.   
Climate and hydrology are critical factors controlling NO3--N flux from a system for 
a given year.  Studies have shown that a poor growing season due to below average 
precipitation followed by a wet year leads to high exports of NO3-N (Donner and Scavia, 
2007).  A poor growing season results in less N being assimilated by the crop, and the lower 
than average precipitation means that less of the NO3--N has been flushed from the system 
due to leaching.  These conditions lead to high concentrations of NO3--N in the soil which 
generates the potential for greater NO3-N loss in subsequent years (Gentry et al. 2000; 
Randall and Mulla, 2001; Dinnes et al., 2002).  Seasonality of precipitation also causes 
variations of NO3-N concentrations in surface waters (Schilling and Zhang 2004).  In the 
Midwest, high spring precipitation often coincides with fertilizer application coupled with 
mineralization of N in the soil.  The lack of perennial vegetation in row crop agricultural 
systems also leads to less mature vegetation to assimilate the N.  This leads to higher NO3--N 
concentration in surface waters from April through June (Schilling and Lutz 2004).  Bakhsh 
et al. (2006) conducted a five-year study at Iowa State University’s northeastern research 
center to determine the effects of the seasonality of precipitation with the amount of tile flow 
and subsequent NO3-N leaching loss.  Results of the study showed that approximately 60% 
of the artificial drainage flow and NO3-N leaching losses occurred during the spring months 
of March – May.  The lowest stream NO3--N concentrations typically occur during the 
summer months of July and August (Schilling and Lutz 2004). Upland inputs of NO3--N to 
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streams and rivers are reduced in the summer since there is typically less artificial drainage 
flow due to the limited amount of precipitation and high evapotranspiration potential.  Plants 
are also actively assimilating the available NO3-N.  In-stream processes such as microbial 
assimilation and denitrification use the available NO3-N further reducing the in-stream 
concentration.  While denitrification results in a permanent loss from the system, biological 
assimilation of NO3--N may be only a temporary sink due to the short life cycles of stream 
vascular plants, algae, and microbes (Newbold, 1992).  Following organism death 
assimilated organic nitrogen undergoes mineralization creating a possible source of NO3--N.   
Non-point source pollutants associated with agriculture react differently than point 
source pollutants for a given storm event.  Point sources typically have a constant discharge 
and concentration.  In a storm event that increases stream discharge, one would expect that 
the contaminant level would decrease if it was dominated by a point source because of 
contaminant dilution. NPS pollutant concentration will typically increase in a storm event.  
There will be an expected rise in NO3--N concentration in the stream if the storm flow is 
coming from subsurface drainage or return flow.  One may expect a dilution effect in NO3--N 
concentration in the streams if the storm flow is dominated by overland surface flow. 
  Hydrology plays a dominate role in the spatial and seasonal patterns of NO3--N flux.  
In order to make informed management decisions regarding N management a seasonal record 
of N flux should be available. A monitoring plan should be developed that encompasses both 
the seasonal and spatial dynamics.  Management decisions should not be based on a single 
sampling period, but should be made after a range of hydrological conditions have been 
monitored.  The objective of this study was to gain a more thorough understanding of the 
dynamics of stream water nitrate-N flux throughout the year, along a spatial gradient, and in 
response to specific storm events within a watershed dominated by row-crop agriculture. 
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Materials and Methods 
Site Description 
The Bear Creek watershed is located in central Iowa on the Des Moines Lobe 
physiographic region within the Western Cornbelt Plains ecoregion.  It is a small 6,900 
hectare watershed that has been developed in soil derived primarily from glacial till parent 
material.  The watershed has been the site of intense riparian buffer research and 
demonstrations over the past 18 years and was designated as one of 12 National Restoration 
Watersheds under the Clean Water Action Plan in 1999.  Historically the landscape was 
dominated by prairie-pothole complexes.  Current land use within the watershed is 
dominated by agriculture, with approximately 87% of the land in row crop and pasture land 
agriculture (Isenhart et al. 1997).  Much of the row crop land is drained by subsurface 
drainage, creating artificial hydrologic networks.  In fact, the two main tributaries to Bear 
Creek (East Bear Creek and West Bear Creek) start from large subsurface drains.  The 
subsurface system draining West Bear Creek has a surface drainage area of approximately 
107 ha based on delineations from a 1:24,000 USGS topography map.  The subsurface drain 
which contributes to East Bear Creeks flow has a surface drainage area of approximately 97 
ha.    
Study Design 
Seven locations along Bear Creek were sampled for nitrate flux from January 2006 
through June 2008.  The sampling locations were distributed from the headwaters to the 
confluence with the South Skunk River.  Each sampling site, except BC 6 which is on a 
private farm, is located near a public road for access. Sites were numbered in an increasing 
order from the headwaters to the mouth (Figure 1).  Sites WBC 1 and WBC 3 are located on 
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West Bear Creek, whereas sites EBC 2 and EBC 4 are located along East Bear Creek.  BC 5 
is downstream of the confluence of West and East Bear Creek.  BC 6 is located on a private 
farm which was the first riparian planting of the Bear Creek Project.  BC 7 is located within 
the Skunk River Greenbelt and is just above the confluence of Bear Creek with the South 
Skunk River.   
Field Methodology 
Grab samples were taken on an approximate bi-weekly basis.  Sampling intensity 
increased during the spring since concentrations were highly variable.  Samples were 
collected using a 250 mL bottle that was rinsed three times with stream water.  The stream 
water was then divided into three 60 mL Nalgene bottles acidified with concentrated sulfuric 
acid in the lab prior to sampling.  Samples were stored in a cooler at the lab at 4◦ C until 
analysis.  Stream stage was recorded at the time of sampling using staff gauges installed at 
each site.  At BC 7, measurements of the water level were taken from a fixed point on the 
bridge to determine stage at the time of sampling.   
In order to calculate NO3--N flux, a stage-discharge rating curve was developed at 
each site.  Stream discharge was estimated using a Flo-Mate Module 2000 portable flow 
meter (Marsh-McBirney, Inc.). The Flo-Mate is an electromagnetic flow meter which applies 
Faraday’s Law of electromagnetic induction to determine the velocity of the water.  
Discharge was calculated by using the mid-section velocity-area method (USGS 1980).  This 
method entails dividing the stream width into fifteen to twenty equal segments and recording 
depth and average velocity within each segment.  If water depth was less than 0.76 m, then 
the velocity measurement was taken at 0.6 of the depth.  If the water depth was greater than 
0.76 m, velocity measurements were taken at 0.2 and 0.8 of the depth.   Discharge 
measurements were taken at multiple stages to develop the stage-discharge rating curve.   
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Storm event-based samples were taken at BC 6 using an Isco 6712 portable sampling 
unit (Teledyne Isco, Inc.) equipped with 24-1000 mL bottles.  The sampling unit was 
equipped with an Isco 730 bubbler flow module (Teledyne Isco, Inc.) to record stage 
measurements which were stored in 10 minute increments.  The sampling program was set 
up to begin sampling when stage raised 5 cm above base flow conditions.  Samples were then 
taken on a time increment to capture the rising and falling limb of the hydrograph.  The first 
twelve bottles were taken at three hour intervals, and the last twelve bottles were taken at six 
hour intervals.  The time increments were sometimes adjusted to four and eight hour 
increments if the hydrograph was expected to take longer to return to base flow conditions.  
Event samples were collected after the sampling program was completed, and then 
transported back to the lab.  Once at the lab, the samples were transferred to acidified 60 mL 
bottles and stored in a cooler at 4◦ C until analysis.  All samples (event and grab) were 
analyzed for NO3--N using second-derivative spectroscopy (Crumpton et al. 1992).     
Results 
Stage-Discharge Rating Curve Development 
A total of 31 stream discharge measurements were made among all of the sampling 
sites (Table 1). Discharge ranged from a low of 0.03 m3 s-1 at WBC 1 in September 2007 to a 
high of 2.64 m3 s-1 at BC 7 in March 2007 (Table 1).  To develop the rating curves, a best fit 
regression line was fitted based on the stage and discharge recordings (Sigmaplot 11, 
SYSTAT Software Inc.).  Rating curves are shown in figures 2 - 8.  West Bear Creek was 
found to routinely contribute more flow to Bear Creek than East Bear Creek.  For example, 
measurements taken on 3/16/07 showed that WBC 3 and EBC 4 had discharges of 0.57 and 
0.38 m3 s-1 respectively.  
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Spatial Gradient 
Sampling took place from March 2006 – May 2008.  According to the Iowa 
Stormwater Management Manual (2007) the average annual precipitation, based on data 
collected from 1960 – 2006, is 802 mm for the study area.  The Iowa Environment Mesonet 
reported 867 mm of precipitation in 2006 and 1033 mm of precipitation in 2007.  
Precipitation readings were taken in Ames, IA which is approximately 20 km from the study 
site.  The spring of 2008 also had above average precipitation.  During the sampling period, 
the highest NO3--N concentration was 24.8 mg L-1 on 2 June 2006 at WBC 3.  The lowest 
NO3--N concentration during the study occurred at EBC 2 on 4 Aug. 2006 and was 0.14 mg 
L-1. 
Spatial trends in NO3--N concentrations were analyzed throughout Bear Creek using 
the mean values of 58 sampling events.  There was a general trend of decreasing downstream 
concentration among the sampling sites from the headwaters to the outlet.  All sites with the 
exception of WBC 3 had lower concentrations relative to the upstream sites.  Greater 
discharges with higher NO3--N concentrations in West Bear Creek also caused the mean 
values of BC 5 to be higher than the values in the East Bear Creek tributary.  The range of 
mean values observed were 15.0 and 13.3 mg L-1 at the headwater sites WBC 1 and EBC 2 
respectively, whereas the mean NO3--N concentration at the downstream site BC 7 was 10.0 
mg L-1.   
Differences in the mean values between sites were compared using a one way 
analysis of variance (ANOVA) and the Holm-Sidak method of multiple pair-wise 
comparisons (Sigmaplot 11, SYSTAT Software Inc.) (Table 2).  Mean values from West 
Bear Creek and East Bear Creek sites were not compared against each other.  BC 7 was 
significantly lower than the upstream sites WBC 1, WBC 3, EBC 2, and BC 5.  BC 6, with an 
average value of 11.7 mg L-1, was only significantly lower than WBC 1 and WBC 3.   
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To determine if spatial trends differed by season, mean NO3--N values between sites 
were also tested by grouping values by season.  Winter was classified as any sampling that 
occurred January – March.  Spring was considered April – June.  The summer season 
included samples taken July – September, and fall was October – December (Schilling and 
Lutz 2004).  When grouped by season, nitrate concentrations among Bear Creek sampling 
sites in the winter and summer months showed less of a spatial gradient than they did spring 
and fall (Table 3).   This was evidenced by BC 7 showing a significant difference from more 
sites in the spring and fall seasons, but not in the winter and summer months.  During the 
spring and fall, NO3--N concentrations at BC 7 were significantly lower than at WBC 1, 
WBC 3, and BC 5.  In comparison, BC 7 was only significantly lower than WBC 1 and WBC 
3 during the summer and winter months.     
Seasonal Gradient 
To evaluate seasonal trends in NO3--N concentration within each sampling site, mean 
values of NO3--N concentration were compared using a one way ANOVA test, with a pair-
wise comparison using the Holm-Sidak method (Sigmaplot 11, SYSTAT Software Inc.).  
Mean NO3--N concentrations were found to be higher in the spring for all of the sampling 
sites.  Overall, the highest mean NO3--N concentration level during the spring was 18.3 mg L-
1
 found at WBC 3.  EBC 2 had a mean spring NO3--N concentration of 16.2 mg L-1 making it 
the highest value in East Bear Creek.  The lowest spring mean NO3--N concentration was 
12.7 mg L-1 found at BC 7. Fall had the second highest mean NO3--N concentration of any 
season for the WBC 3, EBC 4, BC 5, BC 6, and BC 7 sampling sites.  The range of mean 
NO3--N values during the fall was 9.7 – 14.7 mg L-1 with the highest value at WBC 3 and 
lowest at BC 7.  Mean NO3--N concentrations were found to be the lowest during the summer 
season for the main channel of Bear Creek (sites BC 5, BC 6, and BC 7) and WBC 3.  During 
the summer WBC 1 had the highest mean NO3--N concentration at 14.9 mg L-1.  Once again 
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BC 7 had the lowest NO3--N concentration during the summer. Results of the ANOVA and 
pair-wise comparison are shown in Figures 9-15. Table 4 shows the number of samples that 
were used in the ANOVA for a specified season for each site. 
Event Sampling 
A total of 11 events were sampled using the automated sampling equipment, with an 
event defined as a rise of 5 cm in stage.  A majority of these events (10 of the 11) occurred 
during the spring season (April – June).  There were two additional sampling events in the 
fall of 2007 that were discarded since samples were not processed in a timely matter 
following the event.  A clear trend was evident in most of the events of a distinct peak in 
NO3--N concentration following the peak in the hydrograph.  Many of the events also showed 
that there was a dip in NO3--N concentration as the hydrograph was rising.  The average 
range of concentrations following a storm event was 5.0 mg L-1 (Table 5).  The event on 13 
May 2008 had a range of concentrations of 11.1 mg L-1, the largest range observed.  The 
smallest range of concentrations occurred on 10 May 2008, with a difference of only 0.56 mg 
L-1.     
Discussion 
Spatial Trends 
Nitrate-N concentrations in Bear Creek were relatively high during the study period 
and they exceeded the EPA’s maximum contaminant level of 10 mg L-1 for drinking water at 
most sites throughout the year.  BC 7 was the only site which was below 10 mg L-1 for a 
majority of the samples, but BC 7 samples were still above the standard 47% of the time.  
WBC 1 samples were over the drinking water standard 89% of the time, which was the most 
of any sampling site.  WBC 3 samples were over 10 mg L-1 83% of the time.  EBC 2 and 
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EBC 4 samples had NO3--N concentrations greater than the standard 70% and 59% of the 
time, respectively.  Along the main channel of Bear Creek sites BC 5 and BC 6 samples were 
over the limit 80% and 63% of the time, respectively.  
There was a general trend of decreasing NO3--N concentration from the headwaters to 
the outlet of Bear Creek.  Along the main channel (sites BC 5, BC 6, and BC 7) and East 
Bear Creek, the mean NO3--N concentrations for all the sites were lower than the respective 
upstream site.  These values however, were not statistically different at the p < 0.05 level.  
WBC 3 was the only site not to have a mean value lower than the site upstream from it 
(Table 2).  BC 5 was also higher than EBC 4.  This can be explained by the larger discharge 
and higher NO3--N concentration Bear Creek receives from the West Bear Creek tributary 
compared to East Bear Creek.  Evaluation of the mean values throughout the year did show 
that BC 7 was significantly lower than WBC 1, WBC 3, EBC 2, and BC 5.  The trend of 
decreasing downstream concentration could be attributed to the influences of subsurface 
drainage and in-stream processing.  The assumption was made that as one moves 
downstream, the ratio of artificial subsurface drainage flow to ground water flow decreases in 
its contribution to baseflow in Bear Creek.  The assumption was made since both West and 
East Bear Creek begin from large subsurface drains, which typically have higher NO3--N 
concentrations than ground water flow that has interacted with stream riparian zones.  The 
assessment of spatial trends within seasons also suggests that subsurface drainage has a 
significant influence on the decreasing concentration trend.  BC 7 was shown to be 
significantly lower than more sites in the spring and fall than during the summer and winter 
months.  Spring and fall are times of higher artificial drainage flow due to the higher amounts 
of precipitation and low evapotranspiration potential. Randall (2004) showed that over a 15 
year period in Minnesota, that 68 – 71% of the annual artificial drainage flow occurred over 
the three months of April, May, and June.  Land use was not considered to be a factor in the 
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changing concentration levels since there was a dominance of agriculture throughout the 
watershed.   
Seasonal Variation 
Spring consistently had the highest NO3--N concentrations among all of the seasons 
for each of the sampling sites.  Iowa typically receives the highest amount of precipitation in 
the spring, which leads to a flushing of the system.  The high amount of precipitation is 
compounded with either the leaching of fall or spring applied N fertilizer and a lack of 
perennial vegetation to assimilate the N.  Mineralization of soil organic matter also leads to 
substantial losses of nitrate-N though artificial drainage (Randall and Mulla, 2001).  NO3--N 
concentrations were the lowest during the summer for sites along the main channel of Bear 
Creek and EBC 4.  The summer months typically have low subsurface drainage flows, 
resulting in lower discharge.  Summer has lower subsurface drainage flow because crop 
demand for water is typically higher than precipitation in late June, July and early August 
(Randall, 2004).  A combination of low flows, warm water temperatures, and high solar 
insolation make conditions ideal for biological uptake of N by in-stream flora.  
Denitrification may be occurring in the riparian zone and hyporheic zone (Burns et al., 1998).  
Streams, similar in land-use and stream order to Bear Creek, in east-central Illinois showed 
in-stream denitrification rates ranging from <0.1 to 15 mg N m-2 h-1 within the benthic 
sediments (Royer et al. 2004).  Nitrate-N in soil solution is also assimilated by the crops 
during the summer growing season reducing the concentrations in the subsurface drainage 
water.  There was a secondary peak in NO3--N concentration in the fall for most of the sites.  
The peak can be explained by higher amounts of precipitation and lack of active vegetation 
during the fall season.   
 17 
 
Event Sampling 
Event sampling at BC 6 exemplified the system’s response to storm events.  A 
distinct lag between the peak in the hydrograph and peak in NO3--N concentration was 
evident (Figures 16 and 17).  Figure 17 also shows a common response in which there is an 
initial drop in NO3--N concentration during the rising limb of the hydrograph due to the 
effect of surface runoff and channel interception of rainfall (Baker et al., 2008).  Surface 
runoff has a relatively low NO3--N concentration (Kleinman et al., 2006).  The delay in peak 
concentration from the peak flow shows the lag time for the rain to infiltrate the soil profile 
and enter the subsurface drainage system.  In addition to subsurface drainage, the delay in 
peak concentration may also be explained in part by lag time it takes return flow and shallow 
ground water storm flow to reach the stream.  Both return and shallow groundwater storm 
flow lead to leaching of NO3--N which leads to an increase in concentration.   
Conclusions 
Artificial drainage appears to have a major impact on the spatial and temporal flux of 
NO3--N within Bear Creek.  Highest concentrations occur in the spring when subsurface 
drain lines are most active.  For a majority of the sites, NO3--N concentration is lowest during 
the summer months.  The lower summer concentration is likely due to lower inputs from 
subsurface drainage and to in-stream processes actively removing or temporarily reducing 
the N.  Event driven sampling also provides evidence of a system that is impacted by 
artificial subsurface drainage as evidenced by the peak in nitrate concentration following the 
peak in the hydrograph.   
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Table 1. Stage-discharge rating curve development observations 
 
Site 
Number of 
Measurements 
Range of  
Stages (m) 
Range of 
Discharges (m3 s-1) 
WBC 1 5 0.18 – 0.59 0.03 - 0.35 
WBC 3 6 0.3 – 0.73 0.11 – 0.57 
EBC 2 5 0.24 – 0.32 0.01 – 0.07 
EBC 4 4 0.11 – 0.31 0.05 – 0.38 
BC 5 4 0.18 – 0.56 0.12 – 0.66 
BC 6 3 0.59 – 0.81 0.35 - 1.08 
BC 7 4 0.28 - 0.33† 0.15 - 2.64 
 
Table 2. Mean nitrate concentration at Bear Creek from March 2006 – May 2008.  
Significance of difference between sites was tested using the Holm-Sidak method 
(Sigmaplot 11, SYSTAT Software Inc.). 
 
Site Mean NO3--N, mg L-1 
WBC 1 15.0 a † 
WBC 3 15.5 a 
EBC 2 13.3 a,b 
EBC 4 11.4 b,c 
BC 5 14.1 a 
BC 6 11.7 b,c 
BC 7 10.0 c 
† Within column means followed by the same letter are not significantly different (p < 0.05). 
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Table 3.  Differences in mean nitrate concentrations among sites at Bear Creek when grouped 
by season.  Differences were tested by a pairwise comparison using the Holm-Sidak 
method. 
 
 Mean NO3--N, mg L-1 
 Winter Spring Summer Fall 
Site n = 12 n = 22 n = 12 n = 12 
WBC 1 12.2 a * 17.4 a 14.9 a 13.5 a,b 
WBC 3 12.5 a 18.3 a 14.3 a 14.7 a 
EBC 2 11.3 a,b 16.2 a,b 12.3 a,b 11.2 b,c 
EBC 4 9.8 a,b 14.4 a,b 8.8 b 10.3 c 
BC 5 11.5 a,b 17.0 a 12.2 a,b 13.3 a,b 
BC 6 9.5 a,b 14.8 a,b 8.7 b 11.3 b,c 
BC 7 8.2 b 12.7 b 7.2 b 9.7 c 
 
* Within column means followed by the same letter are not significantly different (p < 0.05). 
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Table 4.  Number of samples per season used in the ANOVA to determine seasonal trends 
within each site. 
 
 Number of Samples 
Site Winter Spring Summer Fall 
WBC 1 17 22 18 14 
WBC 3 17 22 18 14 
EBC 2 17 22 18 14 
EBC 4 17 22 18 14 
BC 5 17 22 18 14 
BC 6 19 22 12 12 
BC 7 12 22 18 14 
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Table 5.  Range of Nitrate-N concentration (mg L-1) throughout the rise and fall in the 
hydrograph during event sampling at BC 6. 
 
 Nitrate-N Concentration, mg L-1 
Date Low High Range 
4 April 2006 9.98 15.69 5.71 
27 May 2006 15.18 19.04 3.86 
9 April 2007 7.94 15.52 7.58 
17 April 2007 14.1 17.63 3.53 
1 May 2007 8.19 15.13 6.94 
10 May 2007 16.48 17.04 0.56 
31 May 2007 12.99 19.21 6.22 
21 Aug. 2007 0.14 6.73 6.59 
14 April 2008 8.16 10.09 1.93 
22 April 2008 9.86 11.02 1.16 
13 May 2008 7.74 18.83 11.09 
Average 10.07 15.08 5.02 
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Figure 1.  Bear Creek watershed with grab sample locations.  BC 6 is the location of the  
automated sampling equipment which monitors storm events 
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Figure 2.  Stage-discharge rating curve for WBC 1.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Stage-discharge rating curve for WBC 3. 
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Figure 4.  Stage-discharge rating curve for EBC 2. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Stage discharge rating curve for EBC 4. 
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Figure 6.  Stage-discharge rating curve for BC 5. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Stage-discharge rating curve for BC 6. 
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Figure 8.  Stage-discharge rating curve for BC 7. 
 
 
 
 
 
 
 
 
 
 
Figure 9.   Seasonal nitrate-N concentration trends at WBC 1. Bars with the same letter       
are not significantly different (p < 0.05).  Error bars represent one standard 
deviation. 
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Figure 10.    Seasonal nitrate-N trends at EBC 2. Bars with the same letter are not   
significantly different (p < 0.05).  Error bars represent one standard deviation. 
 
 
 
 
 
 
 
 
 
 
Figure 11.  Seasonal nitrate-N trends at WBC 3.  Bars with the same letter are not 
significantly different (p < 0.05).  Error bars represent one standard deviation. 
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Figure 12.    Seasonal nitrate-N trends at EBC 4.  Bars with the same letter are not  
significantly different (p < 0.05).  Error bars represent one standard deviation. 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.  Seasonal nitrate-N trends at BC 5.  Bars with the same letter are not 
significantly different (p < 0.05).  Error bars represent one standard deviation. 
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Figure 14.  Seasonal nitrate-N trends at BC 6.  Bars with the same letter are not significantly 
different (p < 0.05).  Error bars represent one standard deviation. 
 
 
 
 
 
 
 
 
 
 
Figure 15.  Seasonal nitrate-N trends at BC 7.  Bars with the same letter are not significantly 
different (p < 0.05).  Error bars represent one standard deviation. 
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Figure 16.  Nitrate-N response to a storm event at WB 6, sample event 31 May 2007. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17. Nitrate-N response to a storm event at WB 6, sample event 1 May 2007. 
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Chapter 3 - Sediment loss from small catchments with ephemeral 
gullies: A comparison of measured and predicted yield 
Modified from a paper to be submitted to Journal of Environmental Quality 
Keegan J. Kult, Thomas M. Isenhart, Matthew J. Helmers, and Richard C. Schultz 
Abstract 
Sediment delivery models based on plot studies have been developed to predict 
catchment sediment yield.  The modified universal soil loss equation (MUSLE) is a 
modification made to the original universal soil loss equation in order to predict sediment 
yield applicable to individual storm events.  A limitation to the MUSLE is that it does not 
take into account the effects of concentrated flow which leads to ephemeral gully (EG) 
erosion.  The formation of an EG provides a direct link from the uplands to the streams 
which increases sediment delivered by reducing surface roughness.  Two study sites were 
established on the Southern Iowa Drift Plain to quantify the amount of sediment loss in small 
catchments with ephemeral gullies at the catchment scale.  The observed amount of sediment 
loss was then compared to the MUSLE predicted amount of sediment loss for each individual 
storm event.  Monitoring began in April of 2007 and continued through October 2007 at the 
site located in the Lake Darling watershed.  A total of 12 rainfall generated runoff events 
were monitored.   Monitoring began in June of 2007 and continued through October 2007 at 
the site located within the Lake Rathbun watershed.  A total of 7 rainfall generated runoff 
events were monitored.  The MUSLE under-predicted sediment loss for all the events 
occurring at the site in the Lake Darling watershed, and all but two events at the site in the 
Lake Rathbun watershed.  The disparity among the predicted and observed sediment losses 
increased with storm size.  A general weakness with the MUSLE is that rainfall events are 
based on 24 hour rainfall depth and not intensity which is a dominant factor in determining 
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amount of runoff.  The occurrence of ephemeral gullies also appeared to increase the amount 
surface runoff exiting the catchments along with the amount of sediment yield. 
Introduction 
Sediment contained in surface runoff from agricultural lands is a major cause of 
degradation of surface water quality, with estimated costs to society ranging from $2.2 to $44 
billion annually (USEPA 1996; Lovejoy et al., 1997).  Biologically, sediment reaching 
streams can alter in-stream habitats, clog fish gills, and reduce visibility for predatory fish 
(US EPA 2006).  Sedimentation has also been shown to cause shifts in functional feeding 
groups of benthic macro-invertebrates, as well as a decrease in taxa diversity (Rabeni et al., 
2005).   
Soil erosion consists of three processes: detachment, transport, and deposition.  Soil 
detachment occurs during interill erosion as a result of raindrop impact, whereas overland 
flow dominates the detachment process in rill and ephemeral gully erosion (Govers et al. 
2007).  Detachment by raindrop impact is a factor of raindrop size and the velocity with 
which the raindrop impacts the soil surface (Cooke and Doornkamp 1974).  Raindrops can 
reach terminal velocity in less than 10 m, so ground cover has strong influence in the 
prevention of soil particle detachment from raindrop erosion (Cooke and Doornkamp 1974).  
Rill and ephemeral gully erosion occurs when the shear stress exerted by overland flow 
exceeds the critical sheer stress of the soil (Govers et al., 2007; Knapen et al., 2007).  
Ephemeral gullies (EG) then form in depressions in which sheet and rill flows concentrate 
(Vandaele et al., 1996; Casali et al., 1999; Gordon et al., 2007).  The term “ephemeral” 
instead of “classic” is used since an EG is a temporary feature, and is often removed by 
conventional tillage on an annual basis.  A rill differs from an EG in that once it is removed 
there is no noticeable depression, and it usually is not reformed in the same position.  EG 
erosion from agricultural fields is thought to be a major contributor of sediment to surface 
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water.  The formation of an EG is a combination of climate, land use, erodibility of surface 
soils, and topography.  In general, the larger the contributing area, the less slope is required 
to create an EG (De Santisteban et al., 2005).  Vandaele et al. (1996) showed that well 
vegetated soils required a larger drainage area for gully initiation to occur.  The formation of 
ephemeral gullies can provide a direct link from uplands to the stream valleys (Souchere et 
al., 2003; Zhang et al., 2007).  This direct link increases sediment delivered from sheet and 
rill flow by reducing the surface roughness (Poesen et al., 2003). 
Sediment delivery models based on plot studies have been developed to predict 
sediment yield.  The Universal Soil Loss Equation (USLE) and variations of the USLE have 
been widely used to aid in conservation practice design worldwide.  The original USLE 
(Wischmeier and Smith, 1965) is an empirical formula developed from data collected from 
thousands of plots over three decades (Yoder et al. 1995).  Two modifications to the USLE 
are the Revised Universal Soil Loss Equation (RUSLE ) and the Modified Universal Soil 
Loss Equation (MUSLE).  RUSLE, similar to the USLE, is designed to predict long term 
annual yields of soil loss (Renard et al., 1991).  One limitation to RUSLE is the model’s 
inability to predict sediment yield from individual storm events.  In contrast, the MUSLE is 
applicable to individual storms (Williams and Berndt, 1977).  An additional advantage in 
using the MUSLE is that it eliminates the need for sediment delivery ratios by incorporating 
a runoff factor which accounts for detachment and transport (Williams and Berndt 1977).  A 
major limitation to the MUSLE is that like the USLE and RUSLE, it does not take into 
account the effects of concentrated flow leading to EG erosion.  The objective of this study 
was to quantify sediment yield from small catchments with substantial ephemeral gully 
erosion and compare measured results with predicted values using the MUSLE.   
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Materials and Methods 
The study was conducted in the Lake Darling and Lake Rathbun watersheds located 
in the Southern Iowa Drift Plain physiographic region (Griffith et al., 1994).  The Lake 
Darling Watershed is located in the Western Cornbelt Plains ecoregion, and Lake Rathbun 
Watershed is located in the Central Irregular Plains ecoregion (Griffith et al, 1994).  The two 
study sites were located on private farms and are identified as Dor 1 and Orr 3.  Dor 1 was 
located in the Lake Darling Watershed with contributing area soils consisting of Clinton 
(fine, montmorillonitic, Typic Hapludalfs), Inton (fine-silty, mixed mesic, Typic Hapludalfs), 
and Keomah (fine, montmorillonitic, mesic Aeric Orhoqualfs) with an average length-
weighted slope of 3%.  Orr 3 was the site located within the Lake Rathbun Watershed with 
source area soils consisting of Seymour (fine, smectitic, mesic aquertic Arguidolls), Clarinda 
(fine, smectitic, mesic vertic Argiaquolls), and Shelby (fine-loamy, mixed, superactive, mesic 
typic Argiudolls) soils with an average-length weighted slope of 8%.   
High-resolution digital elevation models developed from Light Detection and 
Ranging (LiDAR) data were used to identify drainage areas contributing flow.  Arc Hydro, 
an ArcGIS extension, was used to delineate the catchments (ESRI).    
Collection sites were located at the edge of the fields at the mouth of an ephemeral 
gully.  Each site was equipped with a flume to collect surface flow.  The flume collection 
system consists of a 0.46 m H-flume with a side-wall stilling well.  The H-flume has a 
constructed 2.46 m long by 0.88 m wide plywood approach sitting on the level.  Runoff 
measurements were collected using an Isco 6712 portable sampler (Teledyne Isco, Inc.).  The 
intake for the sampler was located immediately prior to the H-flume at the end of the 
plywood approach.  Flow depths were determined by using an Isco 720 submerged probe 
module (Teledyne Isco, Inc.) in the stilling well.  The portable samplers contained 24-500 
mL sample bottles.  The sampling program was designed to take the first 17 samples on a 
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flow weighted basis and the final 7 samples on a predetermined time interval.  A two-part 
sampling program was employed in order to provide better coverage of varying event sizes.  
Flow and sampling data were recorded by 1 minute data increments.  Rainfall intensities and 
amount were recorded using an HOBO tipping bucket rain gauge interfaced with a HOBO 
micro station data logger (Onset Computer Corp.).  An ECHO soil moisture probe (Decagon 
Devices Inc.) was used to record soil moisture content.  Soil moisture and rainfall data were 
stored in 1 minute data increments.  Samples were collected as soon as possible after the 
event, and transported back to the lab where they were stored in a cooler at 4° C.  Sediment 
concentrations were determined by vacuum filtration, using a 0.45 µm sterilized membrane 
filter.  
Sediment load was calculated by weighting the sample sediment concentration 
against the time the sample was taken within the hydrograph.  If the sampling program was 
completed before flow had ceased, an average concentration of the last five samples was 
used to determine the sediment load in the remaining flow.  For the comparison of observed 
results to the predicted MUSLE results, an event was not used unless the sampling program 
covered the entire rising limb of the hydrograph.  This was to eliminate the possibility of 
error in estimation when comparing predicted values to observed values.   
The MUSLE equation from Williams and Berndt (1977) was used to estimate 
sediment yield based on a singular rain event according to the following form:   
S = 11.8(Q*qp)0.56 KLSC P  [1] 
Sediment yield in metric tons is represented by S, Q is volume of runoff (m3), and qp 
is peak flow rate (m3 s-1).  Soil erodibility is represented by K (Mg MJ-1 mm-1), L is slope 
length, S is slope steepness, C is crop management, and P is the soil erosion control factor.  
The Soil Conservation Service (SCS) curve number (CN) method was used to predict Q 
(SCS 1972).  Direct surface runoff depth, Q was calculated using the following equation: 
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Q = (I – 0.2S)2/(I + 0.8S) [2] 
where Q is surface runoff depth (mm), P is storm rainfall depth (mm), and S is maximum 
potential difference between rainfall and runoff (mm).  S is calculated by the following: 
S = 25400/CN -254 [3] 
The CN was selected from tables described in the National Engineering Handbook 
(SCS 1972).  If I < 0.2S, then the CN method assumes that there was no runoff, since all the 
storages of initial abstraction had not been filled.  Initial abstraction (0.2S) consists of 
interception storage, surface storage, and infiltration.  Once the initial abstractions have been 
met, runoff is assumed to occur.  Curve numbers were adjusted for antecedent rainfall 
conditions based on the 5-day antecedent rainfall amount (SCS 1972).  Antecedent rainfall 
condition I is for low runoff potential, while II and III are for average runoff potential and 
high runoff potential respectively.  These adjustments are necessary to compensate for an 
increase or decrease in initial abstraction. The SCS-TR55 (SCS 1986) method was used to 
estimate peak flow: 
q =quAQFp [4]§ 
where q is peak runoff rate (m3 s-1), qu is unit peak flow rate (m3 s-1 ha-1 mm-1 of runoff),  A is 
watershed area (ha), and Fp is a pond and swamp adjustment factor (SCS 1986).  The unit 
peak flow rate qu was obtained from the Engineering Field Manual (SCS 1990).  
Dor 1 has a catchment area of 0.356 ha, an average length-weighted slope of 3%, and 
a longest flow length of 172 m.  Orr 3 has a catchment area of 0.306 ha, an average length-
weighted slope of 8%, and a longest flow length of 190 m.  Both sites contained multiple soil 
types consisting of a variety of hydrological soil groups, so a weighted CN approach was 
used.  The CN used for Dor 1 was based on a straight row crop with crop residue treatment in 
good hydrologic condition for each of the respective hydrologic soil groups (Table 1).  The 
hydrologic condition was assumed to be “good” since the percentage of residue cover left on 
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the land surface was ≥ 20% (SCS 1972).  The CN used for Orr 3 was based on a contoured 
tillage with crop residue treatment in good hydrologic condition.   
The soil erodibility factor (K) was estimated using the soil surveys (SSURGO) and 
the Iowa Soil Properties and Interpretations database.  A common K-value of 0.4 was 
assigned to all soil types of both sites.  Dor 1 had an LS factor of 0.483 and Orr 3 had an LS 
factor of 2.47.  The C factor used for both sites of 0.14 represented a corn after beans crop 
sequence with 40% cover.  In events occurring after 19 Sept. 2007 at Orr 3 a C factor of .07 
was used.  The C factor was changed following harvest since the remaining residue more 
closely resembled the beans after corn crop sequence with 70% cover.  At Dor 1 there was no 
erosion control practice in place, so a P factor of 1 was used.  Orr 3 used contour cropping on 
a land slope of 8%, so a P factor of 0.60 was used. 
Results 
Monitoring at Dor 1 began in April of 2007 and continued through mid-October of 
2007.  In total, 12 rainfall generated runoff events were sampled.  These 12 events produced 
nearly 35,000 kg ha-1 of sediment.  The sediment yield was dominated by a few intense 
storms.  For example, a storm event on June 28, 2007 yielded 28,000 kg ha-1 of sediment, 
comprising nearly 80% of the total observed during the monitoring period.   
A total of 10 rainfall generated runoff events were used to compare the MUSLE 
predicted sediment yield values to observed sediment yield at Dor 1.  Storm depths ranged 
from 9.8 mm to 73.6 mm.  Events were grouped into antecedent rainfall condition categories 
to determine if there was a significant difference between the mean predicted sediment yield 
and observed sediment yield (Table 2).  They were grouped by the condition categories due 
to the impacts that the type III events have on the overall means (Table 4).  There were seven 
type I events at Dor 1.  A type I event is an event that has low runoff potential due to low 
antecedent soil moisture conditions.  The mean predicted sediment yield using MUSLE for 
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type I events was less than 0.1 kg.  The mean observed amount for type I was 40.9 kg which 
proved to be significantly greater using a one-tailed paired t-test at the p < 0.05 significance 
level.  There was only one type II event which occurred at Dor 1, so significance could not be 
tested, however the observed mean for this event was 825 kg greater than the MUSLE 
predicted mean.  Two type III events occurred at Dor 1, for which the average MUSLE 
predicted yield was 671 kg and the average observed sediment yield was 5531 kg.  Though 
there was a large difference in the means, a paired t-test did not indicate significant 
differences, likely due to the small sample size.  Table 5 compares the predicted and 
observed values for runoff depth and peak discharge.  There were five events in which 
rainfall depth did not exceed the initial abstraction, so there was no predicted runoff depth 
and peak flow.  For every runoff event, the observed depth of runoff and the peak flow rate 
exceeded the MUSLE prediction. 
Monitoring at Orr 3 within the Lake Rathbun watershed began in June of 2007 and 
continued through mid-October of 2007.  This site had a total of seven rain events that 
generated runoff, all occurring in the late summer to early fall.  Storm events at Orr 3 ranged 
in depth from 12 - 91.2 mm covering a variety of rainfall depths.  There were six type I 
antecedent rainfall conditions and one type II condition events.  Event characteristics along 
with predicted MUSLE and observed results are provided in Table 3.  For this site, the 
overall average of the MUSLE predicted sediment yield was 189.1 kg, which was greater 
than the average observed sediment yield of 40 kg.  The difference between these values was 
dominated by one event on 8 Aug. 2007.  For this event, the MUSLE predicted a sediment 
yield of 1080 kg, with the observed yield of only 66 kg.  Excluding this event on 8 Aug. 
2007, the overall average MUSLE-predicted sediment yield was 30 kg, and the observed 
sediment yield was 36 kg.  The events were grouped by event type based on antecedent 
rainfall condition to determine if there was a significant difference between predicted and 
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observed means within condition categories (Table 4).  There were five type I events (event 
on 8 Aug. 2007 excluded) with a mean MUSLE-predicted yield of 24 kg, compared to the 
observed sediment yield of 42 kg.  A one tailed paired t-test showed this to not be 
significantly different at the p < 0.05 level.  There was only one type II event, with the 
MUSLE-predicted yield 55 kg greater than the observed yield.  The small sample size 
precluded significance testing for this category.  Table 6 compares the predicted and 
observed values for runoff depth and peak discharge.  There were two runoff events in which 
rainfall depth did not exceed the initial abstraction, so no runoff was predicted for these 
events.  With the exception of the event on 8 Aug. 2007, all of the observed runoff depths 
and peak flows were larger than the predicted amounts.  
Discussion 
The MUSLE under estimated sediment yield for all events occurring at Dor 1.  This 
under-prediction increased dramatically as the storm event switched from an antecedent 
rainfall condition I to an antecedent rainfall condition III.  The amount that the average 
values differed went from 41 kg, 825 kg, and 4860 kg for conditions I, II, and III 
respectively.  The discrepancy between the predicted and observed amounts of sediment at 
Dor 1 may be a result of the CN method under-predicting the flow depth for each event.  This 
would result in the MUSLE model not predicting as much soil detachment during sheet flow 
as actually occurs.  The predicted peak flow was also consistently lower than observed at Dor 
1, suggesting that more sediment is being delivered than predicted by the MUSLE.  The 
findings at Dor 1 are consistent with observations made by Poesen et al. (2003), that 
ephemeral gullies reduce surface roughness, increasing the amount of sheet and rill flow. 
Results from Orr 3 differed greatly from Dor 1 in that the MUSLE actually over-
predicted sediment yield for the condition II storm event.  However, excluding the event on 8 
Aug. 2007, the condition I events were only under predicted by an average of 18 kg.  Similar 
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to Dor 1, the predicted flow depths and peak flow rates were less than the observed depths 
and peak flow rates.  It is possible that existing erosion control practices are doing a better 
job in keeping the soil in place than the MUSLE is predicting.   
The event on 8 Aug. 2007 is difficult to explain.  The event on 19 Sept. 2007 
produced the same amount of observed sediment yield with a rainfall depth of only 34.6 mm 
compared to the 91.6 mm recorded on 8 Aug. 2007.  It is also the only event for either site in 
which the predicted flow depth was larger than observed.  Observed peak flow rates were 
also equal to those predicted by the MUSLE.  One possible contributing factor was the 
antecedent soil moisture content, which was the lowest of the season before the rain event.  It 
is possible that there were large surface cracks in the soil due to the drier conditions which 
could increase the site’s ability to store rainfall, thus reducing runoff and soil erosion.   
A general weakness in using the CN method to predict flow depth is that the runoff is 
based on a 24 hr rainfall depth.  Rainfall intensity is a dominant factor in how much runoff 
will be produced.  The observed infiltration excess runoff caused by intense rain events can 
partially explain why the CN consistently under predicted runoff depths. There were a total 
of eight events in which the CN method predicted no runoff because the precipitation depth 
did not exceed the initial abstraction.  The occurrence of ephemeral gullies also appeared to 
increase the amount of surface runoff, perhaps due to a decrease in surface roughness 
(Poesen et al., 2003).  
The monitoring at Dor 1 captured a majority of the runoff events during the spring, 
summer and fall of 2007.  It was shown that a small number of events dominated sediment 
yield, with the largest three events accounting for nearly 98% of the season total.  These top 
three events were also grossly under estimated by the MUSLE.  These results indicate that 
the MUSLE becomes less reliable as the storm events increase in size.   
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Conclusions 
The MUSLE was shown to under predict sediment yield for hillslope catchments with 
the occurrence of ephemeral gullies.  The occurrence of ephemeral gullies appeared to 
increase the amount of surface runoff, perhaps due to a decrease in surface roughness 
(Poesen et al., 2003).   The CN method and peak flow estimation tended to under predict 
runoff and peak flow respectively.  Calibration of the CN method would be necessary in 
order to use the MUSLE model with the occurrence of ephemeral gullies.   
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Table 1.  Weighted curve numbers (CN) in the Soil Conservation Service Curve Number 
Method (SCS, 1972) used to calculate runoff volume.  
 
 Soil Type Hydrologic  Soil Group I CN†  II CN‡ III CN§ 
 
Dor 1 
Clinton B 57 75 85.5 
Keomah C 65.4 82 89.5 
Inton B 57 75 85.5 
      
 
Orr 3 
Seymour C 64.6 81 -- 
Clarinda D 70.6 85 -- 
Shelby B 55.8 74 -- 
 
† Conditions for a type I event generate a low runoff potential. 
‡ Conditions for a type II event generate an average runoff potential.  
§ Conditions for a type III event generate a high runoff potential. 
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Table 2.  Runoff event characteristics with measured sediment yield and that predicted using 
the MUSLE at Dor 1. 
    Sediment Yield, kg 
Event 
Event 
Type 
Rain Depth, 
mm 
Antecedent 
Soil Moisture, 
m3 m-3 
Predicted Observed 
4 May 2007 I† 33.3 0.30 0.07 3 
7 May 2007 III 29.5 0.38 194 974 
29 May 2007 I 20.8 0.31 0 9 
3 June 2007 II‡ 24.4 0.38 17 842 
7 June 2007 I 9.8 0.32 0 89 
28 June 2007 III§ 73.6 0.33 1,149 10,087 
23 Aug. 2007 I 19.6 0.29 0 23 
25 Aug. 2007 I 23.8 0.36 0 5 
7 Sept. 2007 I 21.4 0.19 0 5 
18 Oct. 2007 I 26.8 0.25 0 152 
 
† Conditions for a type I event generate a low runoff potential. 
‡ Conditions for a type II event generate an average runoff potential.  
§ Conditions for a type III event generate a high runoff potential. 
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Table 3.  Runoff event characteristics with measured sediment yield and that predicted using 
the MUSLE at Orr 3.                                                                                                                                   
    Flow Depth, mm Sediment Yield, kg 
Event 
Event 
Type 
Rain 
Depth, 
mm 
Antecedent Soil 
Moisture, m3 m-3 Predicted Observed Predicted Observed 
8 Aug. 2007 I† 91.6 0.16 20.94 4.62 1080 66 
23 Aug. 2007 I 51.4 0.29 3.75 15.34 109 138 
7 Sept. 2007 I 26.6 0.25 0.00 0.35 0 1 
19 Sept. 2007 I 34.6 0.27 0.41 8.84 9 66 
8 Oct. 2007 II‡ 25.8 0.32 2.80 8.75 60 5 
15 Oct. 2007 I 12 0.34 0.00 0.69 0 < 1 
18 Oct. 2007 I 15.6 0.35 0.26 7.18 3 4 
 
† Conditions for a type I event generate a low runoff potential. 
‡ Conditions for a type II event generate an average runoff potential.  
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Table 4.  Predicted (MUSLE) and observed mean sediment yield grouped by antecedent 
rainfall conditions for Dor 1 and Orr 3. 
 
 Average Sediment, kg 
Event Type Predicted Observed 
Dor 1 
I*† <0.1 41 
II‡ 17 842 
III§ 671 5531 
   
Orr 3 
I 24 42 
II 60 5 
III -- -- 
 
*  Difference in average sediment is significantly different at p < 0.05. 
† Conditions for a type I event generate a low runoff potential. 
‡ Conditions for a type II event generate an average runoff potential.  
§ Conditions for a type III event generate a high runoff potential. 
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Table 5.  Rainfall event conditions with predicted (CN method) and observed flow depths; 
and predicted (SCS-TR55) and observed peak flow rates at Dor 1. 
 
   Flow Depth, mm Peak Flow Rate, m3 s-1 
Event Event Type 
Rain 
Depth, 
mm 
Antecedent Soil 
Moisture, m3 m-3 Predicted Observed Predicted Observed 
4 May 2007 I† 33.3 0.30 0.01 3.9 6.1 x 10-6 2.2 x 10-3 
7 May 2007 III§ 29.5 0.38 9.00 43.0 1.2 x 10-2 3.1 x 10-2 
29 May 2007 I 20.8 0.31 0 0.3 0 3.0 x 10-3 
3 June 2007 II‡ 24.4 0.38 1.50 8.4 9.6 x 10-4 1.7 x 10-2 
7 June 2007 I 9.8 0.32 0.00 1.0 0 9.6 x 10-3 
28 June 2007 III 73.6 0.33 44.07 64.0 6.3 x 10-2 9.1 x 10-2 
23 Aug. 2007 I 19.6 0.29 0.00 4.9 0 6.7 x 10-3 
25 Aug. 2007 I 23.8 0.36 0.00 1.8 0 4.3 x 10-3 
7 Sept. 2007 I 21.4 0.19 0.00 1.1 0 2.7 x 10-3 
18 Oct. 2007 I 26.8 0.25 0.00 9.6 0 1.44 x 10-2 
 
† Conditions for a type I event generate a low runoff potential. 
‡ Conditions for a type II event generate an average runoff potential.  
§ Conditions for a type III event generate a high runoff potential. 
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Table 6.  Rainfall event conditions with predicted (CN method) and observed flow depths; 
and predicted (SCS-TR55) and observed peak flow rates at Orr 3. 
 
   Flow Depth, mm Peak Flow Rate, m3 s-1 
Event Event Type 
Rain 
Depth, 
mm 
Antecedent 
Soil 
Moisture, 
m3 m-3 Predicted Observed Predicted Observed 
8 Aug. 
2007 I† 91.6 0.16 20.94 4.62 1.9 x 10-2 1.9 x 10-2 
23 Aug. 
2007 I 51.4 0.29 3.75 15.34 1.7 x 10-3 7.3 x 10-2 
7 Sept. 
2007 I 26.6 0.25 0.00 0.35 0 2.6 x 10-3 
19 Sept. 
2007 I 34.6 0.27 0.41 8.84 1.9 x 10-4 3.6 x 10-2 
8 Oct. 
2007 II‡ 25.8 0.32 2.80 8.75 2.1 x 10-4 4.0 x 10-3 
15 Oct. 
2007 I 12 0.34 0.00 0.69 0 1.0 x 10-3 
18 Oct. 
2007 I 15.6 0.35 0.26 7.18 1.4 x 10-4 5.5 x 10-3 
 
† Conditions for a type I event generate a low runoff potential. 
‡ Conditions for a type II event generate an average runoff potential.  
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Chapter 4.  Quantifying concentrated flow within grass filter strips 
and riparian forest buffers 
Modified from a paper to be submitted to Journal of Environmental Quality 
Keegan J. Kult, Thomas M. Isenhart, Matthew J. Helmers, and Richard C. Schultz 
Abstract 
Riparian buffers have been accepted as an edge of field best management practice to 
improve surface water quality by reducing the sediment and nutrients transported in surface 
runoff.  Many plot scale studies under uniform flow conditions have assessed the 
effectiveness of riparian buffers.  The purpose of this study was to examine, at the hillslope 
scale and under natural rainfall conditions, the impact that concentrated flow has on riparian 
buffers.  The study was conducted on two private farms located in the Lake Darling and Lake 
Rathbun watersheds.  Three sites located in the Lake Rathbun watershed consisted of one 
control, located at the field edge, and two sites with a 15.2 m wide grass filter treatment.  The 
three sites located in the Lake Darling Watershed consisted of one control, located at the field 
edge, and two sites with a 15.2 m wide natural riparian forest buffer.  Monitoring at the Lake 
Darling watershed was from April 2007 - October 2007.  Monitoring at the Lake Rathbun 
watershed was from June 2007 - October 2007.  There were seven natural rain events 
monitored at the Lake Rathbun watershed, and twelve natural rain events monitored at the 
Lake Darling watershed.  Potential pollutants monitored were total sediment, nitrate-N, 
ortho-P, total-N, and total-P.  The grass filter strips reduced pollutant load relative to the 
control in smaller rain events.  However, one of the grass filter sites was not effective at 
reducing pollutant load during larger events.  There appeared to be a threshold that is 
dependent upon the amount and intensity of rain, and the contributing area to effective buffer 
ratio.  The riparian forests were less predictable for which storm events they can be 
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considered effective.  This is because there is little to no resistance to concentrated flow 
within the riparian forest, which allows concentrated flow to pass through the buffer.  
Introduction 
Soil erosion and nutrients transported in surface runoff from agricultural fields leads 
to lower levels of production and impairs surface water quality.  Riparian buffers as an edge 
of field practice have been widely accepted as a best management practice to improve overall 
surface water quality (Daniels and Gilliam, 1996, Isenhart et al., 1997, Magette et al., 1989, 
Schultz et al., 1995).  The interaction of the surface runoff with the perennial vegetation of a 
riparian buffer slows the flow velocity causing deposition of coarse sediment and sediment 
bound nutrients to occur (Flanagan et al., 1989).  The slowing of flow velocity once the 
surface runoff reaches the buffer causes ponding to occur just upslope of the buffer.  Ponding 
further increases the amount of sediment deposition and allows time for infiltration upslope 
and within the buffer (Hayes et al., 1979).   Infiltration reduces the overall amount of surface 
flow and allows soluble nutrients to enter the soil profile were they can be assimilated by 
vegetation.  Nutrients can also be removed from the system once they are retained by the 
riparian buffer by microbial metabolization (Correll, 1997).   It is possible for grass filter 
strips to become a potential nutrient source.  This happens when the built up organic N 
undergoes mineralization and is transported out of the system (Dillaha et al., 1989).  
Numerous studies have shown the efficiency with which buffers reduce agricultural 
pollutants.  Lee et al., (1999) demonstrated that just a 3 m wide cool season grass filter, 
representing a 40:1 contributing area to buffer ratio, effectively removed 62% of sediment, 
24% of total-N, 22% of NO3-N, 35% of total-P, and 30% of PO4-P.  Lee also showed that by 
doubling the buffer width to 6 m, lowering the contributing area to buffer ratio to 20:1, 
increased the amount of sediment and nutrients retained in the buffer significantly.  Mendez 
et al., (1999) found that grass filter strips that were 4.3 m and 8.5 m wide reduced sediment 
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load 82 and 90% respectively relative to non-buffered plots.  The same study showed a NO3-
N load reduction of 44 and 77% for the 4.3 m and 8.5 m filters relative to non buffered plots.  
Dosskey et al., (2001) summarized numerous other studies which examined the retention of 
sediment and nutrients within riparian buffers.  These studies showed similar results to those 
reported by Lee and Mendez.   
Factors effecting how well grass filters will reduce pollutant load include stem 
density and stifness, contributing area, width of filter, age of filter, soil type, hydraulic 
conductivity, and flow velocity entering the grass filter.  The larger the contributing area to 
buffer area ratio, the lower the expected trapping efficiency of the buffer (Dosskey et al., 
2002).  Higher slopes within the contributing area negatively effect the buffer’s impact since 
the higher slopes increase the flow rate entering the buffer (Helmers et al., 2002).  Dosskey et 
al. (2007) stated that new filter strips can be as ineffective as having no filter strip at all, but 
that they can reach full effectiveness in as early as three years.  Over time a filter strips 
trapping efficiency may decline as the grass is buried under deposited sediment causing 
efficacy.  Higher flow volumes can overwhelm grass filters causing submergence which 
reduces the surface roughness and decreases the effectiveness of the filter.  Flow which 
enters the filter strip as concentrated flow, as is the case with ephemeral gullies, instead of 
uniformly distributed interill runoff has been shown to inhibit the filter strip’s ability to 
reduce pollutant load (Daniels and Gilliam, 1996, Dillaha et al. 1986, and Helmers et al. 
2005).   
Ephemeral gullies (EGs) form in depressions in the areas in which there is 
concentrated flow (Vandaele et al., 1996; Casali et al., 1999; Gordon et al., 2007).  The term 
ephemeral gully is used since an ephemeral gully can be obliterated by typical field 
cultivation.  An EG differs from a rill in that once it is obliterated there is usually a 
noticeable depression where the EG was.  Unlike a rill, an EG is usually reformed in the 
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same position.  Ephemeral gullies form due to a combination of climate, land use, erodibility 
of surface soils, and topography.  Vandaele et al. (1996) showed that well vegetated soils 
required a larger drainage area for gully initiation to occur.  The larger the contributing area, 
the less slope required to create an EG (De Santisteban et al., 2005).   
A majority of the studies to date have dealt with the effectiveness of buffers at 
retaining sediment and nutrients at the plot scale and under uniform flow conditions.  Few 
studies have addressed the impacts of concentrated flow on riparian buffers at the hillslope 
scale.  The objectives of this study are to (i) quantify the amount of pollutant load coming 
from concentrated flow, at the hillslope scale and under natural rainfall conditions; and (ii) 
determine the effectiveness of riparian forest’s and grass filter’s ability to mitigate the effects 
of concentrated flow. 
Materials and Methods 
Site Description 
The study was conducted on two private farms located in the Lake Darling and Lake 
Rathbun watersheds (Figures 1 and 2).  Both watersheds are located on the Southern Iowa 
Drift Plain physiographic region (Griffith et al.,1994).  The Lake Darling watershed is 
located in the Western Cornbelt Plains ecoregion, while the Lake Rathbun watershed is 
located in the Central Irregular Plains ecoregion (Griffith et al., 1994).  The farm in the Lake 
Darling watershed contains the remnant riparian forest treatment comprised mainly of Red 
Elm (Ulmus rubra), American Elm (Ulmus americana), Boxelder (Acer negundo), and Pin 
Oak (Quercus palustris).  The farm located in the Lake Rathbun watershed contains the grass 
filter strip treatment which is an example of the grass filter conservation standard (Code 393, 
USDA-NRCS).   
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There were three sites, two replicates of the respective treatment and one control, 
within each watershed.  The treatments were located 15.2 m downslope of the field edge 
within the respective buffer.  The control was located at the edge of the crop field.  Control 1 
(CON 1), Forest 2 (FOR 2), and Forest 3 (FOR 3) are the sites within the Lake Darling 
watershed. CON 1 has a 0.359 ha contributing area consisting of Clinton (fine, 
montmorillonitic, Typic Hapludalfs), Inton (fine-silty, mixed mesic, Typic Hapludalfs), and 
Keomah (fine, montmorillonitic, mesic Aeric Orhoqualfs) soils with an average length-
weighted slope of 3%.  FOR 2 has a 0.419 ha source area consisting of Keomah, Inton, and 
Lindley (fine-loamy, mixed, mesic Typic Hapludalfs) soils with an average length-weighted 
slope of 4%.  FOR 3 has a 0.633 source area consisting of a Clinton soil with an average 
length-weighted slope of 4%.  The Lake Rathbun Watershed contained the sites Control 4 
(CON 4), Grass filter strip 5 (GFS 5), and Grass filter strip 6 (GFS).  CON 4 has a 0.306 ha 
source area consisting of Seymour (fine, smectitic, mesic aquertic Arguidolls), Clarinda 
(fine, smectitic, mesic vertic Argiaquolls), and Shelby (fine-loamy, mixed, superactive, mesic 
typic Argiudolls) soils with an average length-weighted slope of 8%.  GFS 5 has a 0.483 ha 
contributing area consisting of Clarinda, Seymour, and Shelby soils with an average length-
weighted slope of 9%.  GFS 6 has a 0.158 contributing area consisting of Clarinda and 
Shelby soils with an average length-weighted slope of 11%. 
Site Selection 
Light Detection and Ranging (LiDAR) data was used to develop high-resolution 
digital elevation models to identify areas of concentrated flow.  LiDAR data is obtained by 
emitting a high frequency laser from an airplane to calculate vertical distance to the earth.  
Corrected GPS is used to provide X,Y coordinates to accompany the Z coordinate obtained 
by the LiDAR.  LiDAR provided resolution at an approximate 1 m x 1 m scale, which is a 
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vast improvement over the 30 m x 30 m digital elevation models provided by the USGS data. 
Catchment areas were delineated using Arc Hydro which is an ArcGIS extension (ESRI). 
Field Methodology 
Collection sites for control plots were located at the mouth of an ephemeral gully 
adjacent to the field edge.  Treatment sites were located 15.2 m downslope of the field edge, 
within a grass filter strip (GFS 5 and GFS 6) or a remnant riparian forest (FOR 2 and FOR 3).  
Each site was equipped with a flume to collect flow from surface runoff.  The flume 
collection system consists of a .46 m H-flume with a side-wall stilling well.  A constructed 
2.46 m long by 0.88 m wide plywood approach sitting on the level was attached on the 
upslope side of the flume.  Plywood wing walls extended 7.3 m on both sides of the plywood 
approach. The two sites within the grass filter also had side walls extending from the wing 
walls to the field edge.  The side walls were used to direct flow towards the flume and to 
prevent disturbance to the sites.  GFS 5 has plywood sidewalls and GFS 6 used 15 cm sheet 
metal and silt fencing to act as the side and wing walls.  The sheet metal border was placed 
approximately 5 cm deep, with the silt fencing directly behind the sheet metal.  An Isco 6712 
automated portable sampler (Teledyne Isco, Inc.) was used to collect runoff.  The intake for 
the sampler was placed within the plywood approach just prior to the H-flume.  An Isco 720 
submerged probe module (Teledyne Isco, Inc.) was placed in the stilling well to track flow 
depths.  The sampling program was designed to take the first 17 samples on a flow weighted 
basis and the final 7 samples on a predetermined time interval.  The two-part sampling 
program was used in order to provide better coverage of varying event sizes and intensities.  
The control sites were both equipped with HOBO tipping bucket rain gauges which where 
interfaced with a HOBO micro station data logger (Onset Computer Corp.) to track rainfall 
intensities and amount.  An ECHO soil moisture probe (Decagon Devices Inc.) was used to 
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record soil moisture content at the controls as well.  Soil moisture and rainfall data were 
stored in 1 minute data increments.   
Lab Methodology 
Natural rainfall generated runoff samples were collected as soon as possible 
following the storm event, and transported back to the lab were they were stored in a cooler 
at 4° C.  Samples were analyzed for concentration of total sediments, NO3-N, PO4-P, total-N, 
and total-P.  Sediment concentrations were determined by vacuum filtration, using a 0.45 µm 
sterilized membrane filter.  NO3-N concentrations were determined by using the second 
derivative spectroscopy method (Crumpton et al., 1992).  PO4-P was analyzed 
colorimetrically using the ascorbic acid method (Murphy and Riley, 1962).  TN and TP were 
analyzed by using the persulfate digestion method on unfiltered samples (Gross and Boyd, 
1998).  The contaminant load was calculated by weighting the samples contaminant 
concentration against the flow rate at the time the sample was taken within the hydrograph.  
If the automated sampler program had ended prior to the cease of flow, an average 
concentration of the last five samples was used to determine the remaining load.   
Site Surveys 
Since the ephemeral gullies did not continue into the grass filter strip at GFS 5 and 
GFS 6, a high-resolution differential leveling topographic survey was performed.  The 
surveys were conducted on a 2 m x 2 m grid to determine flow paths within the grass filter 
strip in order to place the flume collection systems within a concentrated flow path.  
The six ephemeral gullies of interest were all surveyed in order to determine the 
amount of eroded soil that could be attributed to the gully channel itself.  The gullies were 
surveyed by laying out a flexible tape measure lengthwise within the EG.  Cross sections 
were measured in 3.05 m (10 ft) increments. A top width and depth of the EG was measured 
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at each cross section.  Due to the nature of an ephemeral gully, the side walls are nearly 
vertical, so top and bottom width measurements were usually not necessary (USDA-NRCS 
2002).  If the EG did have a V-shape at the cross section, then top and bottom widths were 
measured and efforts were made to determine an average depth. To estimate soil movement 
from the EG channel, it was assumed that the average bulk density of the soil was 1.4 Mg m-3 
(USDA-NRCS 2002).  The average bulk density of the soil was then multiplied by the 
volume of the gully to determine amount of soil movement from within the gully.   
A tiller count was performed within the grass filter to determine the stem density and 
species composition.  Six random plots within the grass filter strips were taken within the 
wing wall and side wall border.  Tiller counts were taken by counting the number of stems 
within a 25 x 25 cm square PVC frame. 
Results 
Hydrology 
A total of 13 natural rainfall events generated overland flow that was monitored at the 
riparian forest treatments located in the Lake Darling Watershed.  Monitoring began in mid 
April of 2007 and lasted until late October of 2007.  Table 1 shows the hydrology for the 
rainfall driven runoff events for the sites located within the Lake Darling Watershed.  The 
rainfall depths ranged from 9.8 - 90.8 mm with intensities from 3.8 – 56.8 mm hr-1.  
According to the Iowa Stormwater Management Manual (2007), the events on 25 and 28 
June 2007 were 10 year storm events based on 1 hr rainfall intensities.  The event on 25 June 
2007 generated a rainfall intensity of 56.2 mm hr-1, while the event on 28 June 2007 
generated an intensity of 56.8 mm hr-1.   Due to equipment error, rainfall data for events prior 
3 June 2007 were obtained from a weather station in Washington, IA which is approximately 
18 km to the northeast of the sites.  The rain gauge in Washington was checked against a rain 
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gauge in Fairfield, IA, which is approximately 20 km to the southwest from the sites; and 
was found to be consistent.  The event on 7 May 2007 generated more runoff depth than 
precipitation depth.  This could be due to localized heavier precipitation at the sites than was 
recorded in Washington, IA.  The mean percentage of precipitation that resulted in runoff in 
all runoff events was 48% for the control site CON 1.  FOR 2 and FOR 3 had mean values of 
44 and 21% of precipitation resulting in runoff.  A paired t-test showed that neither FOR 2 
nor FOR 3 was significantly different from CON 1 for the percentage of precipitation 
resulting in runoff.   
A total of seven natural rainfall events which generated runoff were monitored at the 
grass filter treatment sites located within the Lake Rathbun Watershed.  Monitoring began in 
June 2007 and ran through the end of October 2007.  The rainfall events ranged from 12.0 – 
91.6 mm in depth, and 2.8 – 61 mm hr-1 in intensity.  The event on 8 August 2007 had the 
intensity of 61 mm hr-1, which is a 10 year return interval for 1 hour intensities.  The mean 
percentage of rainfall resulting in runoff was 21% at the control site CON 4.  GFS 5 and GFS 
6 had a mean percent of rainfall resulting in runoff of 10% and 7 % respectively.  The results 
of an analysis of variance showed that the differences in means were not significantly 
different.   
Surveys  
The ephemeral gully surveys allowed an estimate of soil moved from within the EG 
itself (Table 3).  CON 1, FOR 2, and FOR 3, lost an estimated 2.1, 1.7, and 1.4 metric tons of 
soil between 29 May 2007 and the date the survey was taken on 11 Nov. 2007.  The 
ephemeral gullies at Lake Darling were field cultivated between the events on 7 May 2007 
and 29 May 2007.  The field cultivation obliterated the EG’s leaving only a slight depression.  
CON 4, GFS 5, and GFS 6 lost an estimated 4.4, 22.4, and 5.6 metric tons of soil from within 
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the EG’s.  These EG’s were not field cultivated prior to the sampling period so an estimate of 
the annual soil loss from the gully could not be made. 
The results of the tiller count survey showed that GFS 5 had an average of 501 stems 
m
-2
, composed mainly of Reeds canary grass (Phalaris arundinacea) (Table 4).  GFS 6 had 
an average of 571 stems m-2 composed mainly of fescue (Fetsuca spp.).   
Mass transport of sediment and nutrients 
There were seven natural rainfall events which generated runoff monitored at the 
Lake Rathbun sites (Table 5).  The distribution of how much each event contributed to the 
total yield observed during the monitoring period for each pollutant can be seen in Figures 4 
– 9.  Of the seven events at Lake Rathbun, the event on 23 August 2007 accounted for a 
majority of the non-point source pollutant yield, especially for GFS 5 and GFS 6.  The event 
on 23 August 2007 had a rainfall depth of 51.4 mm along with an antecedent soil moisture 
content of 0.29 m3 m-3.  This event accounted for 67 – 83% of the observed total sediment, 
NO3-N, PO4-P, total-N, and total-P yield for the entire monitoring period at GFS 5.  The 
same event produced 91% of the total sediment, 62% of the PO4-P, 63% of the total-N, and 
89% of the total-P observed at GFS 6.  CON 4 had a more even distribution of pollutant yield 
among all of the events observed.  However, the event on 23 August 2007 was the most 
significant event for CON 4 as well, as it accounted for 54% of the observed sediment yield, 
41% of the total-N yield, and 39% of the total-P yield for the monitoring period.  The event 
on 18 October 2007 also yielded a high percentage of the observed NO3-N and PO4-P for 
CON 4 and GFS 6.  CON 4 saw 40% of its NO3-N yield and GFS 6 had 51% of its total NO3-
N yield on 18 October 2007.  There was a sampling malfunction at GFS 5 on this date, so 
there was no reported data for that site. 
There were 13 natural rainfall events which generated runoff captured at the control 
and riparian forest sites within the Lake Darling watershed (Table 6).  The spring of the year 
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accounted for majority of the NO3-N (Figure 6).  In fact, 80 - 86% of the NO3-N was 
generated from the first five events on or before 29 May 2007 for CON 1, FOR 2, and FOR 
3.  The two events on 25 June and 28 June 2007 accounted for a majority of the total 
sediment yield observed during the monitoring period for the Lake Darling sites.  These two 
events had the highest intensity of the 13 monitored events and accounted for 73 and 91 % of 
the observed total sediment yield for FOR 2 and FOR 3, respectively.  It should be noted that 
there were no samples for CON 1 on 25 June 2007 due to an equipment malfunction, but the 
event on 28 June 2007 accounted for 83% of the observed total sediment yield, along with 
50% of the total-P yield for the entire monitoring period.   
The natural rainfall events generated varied results for the effectiveness of the grass 
filter and riparian forest treatments. Effectiveness was evaluated by comparing the pollutant 
yield of the treatment sites respective to the control site in the same watershed.  Table 7 
shows the percentage of rainfall events in which the grass filter and riparian forest treatments 
yielded less flow and pollutant load than the controls.  The sample size for the number of 
events between pollutants and sites vary due to sampling equipment or handling errors.  GFS 
6 was the only site to have a lower flow and pollutant yield for every event relative to its 
control (CON 4).  GFS 5 yielded less flow 71% of the time, less total sediment 50% of the 
time, less NO3-N 60% of the time, less PO4-P 80% of the time, less total-N 67% of the time, 
and less total-P 60% of the time compared to CON 4.  FOR 2 yielded less flow 46%, less 
total sediment 58%, less NO3-N 27%, less PO4-P 60%, less total-N 45%, and less total-P 
45% of the time compared to CON 1.  FOR 3 yielded less flow 82%, less total sediment 
80%, less NO3-N 78%, less PO4-P 56%, less total-N 70%, and less total-P 50% of the time.  
Table 8 shows the average percentage of pollutant load relative to its control for the events in 
which the treatment was considered effective.  For the events in which GFS 5 was considered 
to be effective, there was an average of 73 % less flow, 76% less total sediment, 58% less 
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NO3-N, 79 % less PO4-P, 76% less total-N, and 77 % less total-P yield relative to the control 
CON 4.  GFS 6 yielded less flow and non-point source pollutants for every event compared 
to CON 4.  There was an average of 81% less flow, 91% less sediment, 77% NO3-N, 75% 
less PO4-P, 84% less total-N, and 86% less total-P yielded at GFS 6 when compared to CON 
4.   
For the events in which the riparian forest treatment at FOR 2 was considered 
effective, there was an average of 29% less flow, 58% less total sediment, 22% less NO3-N, 
40% less PO4-P, 18% less total-N, and 37% less total-P yield when compared to CON 1.  The 
events in which the riparian forest treatment was considered  effective at FOR 3, there was an 
average of 29% less flow, 58% less total sediment, 22% less NO3-N, 40% less PO4-P, 18 % 
less total-N, and 37% total-P. 
Discussion 
Both the grass filter strip and the riparian forest buffer produced varying results in 
terms of how effective the treatment was at attenuating the pollutant load.  GFS 6 was 
successful in yielding less flow and pollutant load for each monitored event.  The other grass 
filter site, GFS 5, was not as effective as GFS 6 at yielding less of a pollutant load relative to 
the control of CON 4.  GFS 5 produced less flow relative to CON 4 71% of time, less 
sediment 50% of the time, less NO3-N and total-P 60% of time, less PO4-P 80% of the time 
and less total-N load 67% of the time. The reason that GFS 6 may have been more effective 
than GFS 5 is that the contributing area was much smaller for GFS 6.  The watershed size 
contributing area to buffer ratio of GFS 5 was 15.5:1 whereas the contributing area to buffer 
ratio of GFS 6 was only 6.6:1.  Visual observations of actual flow paths of the concentrated 
flow through the buffer revealed that only one-third of the grass filter area was interacting 
with the concentrated flow.  The contributing area to effective buffer ratio for GFS 5 and 
GFS 6 was 60.4:1 and 19.8:1 respectively.  The contributing area to effective buffer ratio at 
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GFS 5 was larger than the ratios typically discussed in the literature, which may be why GFS 
5’s performance was compromised.   
The rainfall events in which GFS 5 was not effective were 8 August 2007, 23 August 
2007, and 7 September 2007.  The first two of these three events were the largest events 
recorded during the monitoring period, with 91.6 mm of rainfall falling on 8 August 2007 
and 51.4 mm of rainfall depth falling on 23 August 2007.  It did not appear that the flow on 
23 August 2007 was large enough to submerge the vegetation, probably due to the smaller 
contributing area to effective buffer ratio.  It appears that on 23 August 2007 the flow was 
large enough to submerge the vegetation in GFS 5.  The event on 23 August 2007 produced a 
majority of the pollutant load during the monitoring period at GFS 5 and GFS 6.  In fact there 
was more sediment yield from that single event at the grass filter site GFS 5 than the 
cumulative yield over the entire monitoring period for the control site CON 4.  So, although 
GFS 5 was shown to effectively yield less of a pollutant load compared to the CON 4 a 
majority of the time, the few events in which it did not were of more importance since they 
yielded a majority of the annual pollutant load.  There was more sediment yielded in one 
event at GFS 5 compared to the total of all the events monitored at CON 4, showing that a 
cool season grass filter alone may not be enough to effectively manage surface runoff when 
there is concentrated flow causing a large contributing area to effective buffer ratio.      
FOR 3 was more effective than FOR 2 in the number of events in which it yielded 
less flow and pollutant load relative to CON 1.  This may be due to the fact that the soil in the 
contributing area for FOR 3 is all Clinton soil, which is classified as a hydrologic group B 
soil.  FOR 2 contains Keomah, Inton, and Lindley soils which are hydrologic groups C, B, 
and C respectively.  Soils in hydrologic group C are expected to have a lower infiltration rate 
than soils in hydrologic group B (USDA-NRCS, 2002).  The lower infiltration rate leads to 
higher surface runoff.  There was no conclusive evidence to suggest when there would be 
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more pollutant load yield from the forest treatment sites relative to the control.  The fact that 
there was no discernable pattern to when the forest treatment would be effective shows that 
the treatment may have little effect on controlling concentrated flow.  The riparian forests 
offered little resistance to concentrated flow as the ephemeral gullies become a classic gully 
and extend through the riparian forest. 
A majority (80 – 86%) of the NO3-N was generated from the first five events or 
before 29 May 2007 for CON 1, FOR 2, and FOR 3. This was due to saturated conditions 
leading to saturation excess runoff instead of infiltration excess runoff.  Saturation excess 
runoff contains both surface runoff and soil water return flow leading to higher  NO3-N 
concentrations (Kleinman et al., 2006).   
Conclusion 
Grass filter strips yielded less of a pollutant load than the control at the field edge in 
smaller rain events.  However, there appears to be a threshold that is dependent upon the 
amount and intensity of rain in the storm event and the contributing area to effective buffer 
ratio.  It was evidenced in this study that as the contributing area to effective buffer ratio 
increases, the size of the event needed to overwhelm the grass filter strip decreases.  With the 
presence of concentrated flow, the contributing area to effective buffer ratio needs to be 
lower than if the flow was entering the buffer in uniform sheet flow.  This study suggests that 
cool season grasses may not be effective at attenuating the effects of concentrated flow.  
When concentrated flow is an issue, perhaps warm season grasses should be used in addition 
to the cool season grasses in the filter strip.  Lee et al., (1999) showed that the warm season 
grass, switchgrass, was more effective at removing sediment and nutrients from surface 
runoff than was a cool season grass. Blanco-Canqui et al., (2006) showed that under 
concentrated flow conditions a filter strip with a warm season grass barrier greatly improved 
the performance of the filter strip.   
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The riparian forest sites were less predictable for which storm events they can be 
considered effective under conditions of concentrated flow.  This is because there is little to 
no resistance to concentrated flow within the riparian forest as the ephemeral gully continues 
through the forest.  Ephemeral gullies that form in fields and continue into a riparian forest 
often become classical gullies within the forest. 
This study of concentrated flow conditions, with natural rainfall, and at the hill-slope 
scale indicates that the performance of a grass filter strip and riparian forest may be 
compromised.  In order to better understand the processes which drive the effectiveness of 
the grass filter strips and riparian forests in this study, additional events monitored. 
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Table 1.  Hydrology of sites within the Lake Darling watershed.  CON 1 was located at the 
field edge and FOR 2 and FOR 3 were located 15 m down slope of the field edge 
within a remnant riparian forest. 
 
  Rainfall % Rain as runoff 
Date 
Antecedent Soil 
Moisture, m3 m-3 
Intensity, 
mm hr-1 Depth, mm CON 1 FOR 2 FOR 3 
24 April 2007 0.29 18.5 56.1 49.5 47.6 9.2 
25 April 2007 0.37 3.8 23.4 87.9 62.4 27.7 
4 May 2007 0.30 11.9 33 11.8 19.5 4.6 
7 May 2007 0.38 14.5 29.5 145.6 95.6 48.5 
29 May 2007 0.31 7.9 21.8 1.5 6.5 1.8 
3 June 2007 0.38 14.0 15.0 55.8 66.4 12.1 
7 June 2007 0.32 9.8 9.8 10.3 2.4 --† 
25 June 2007 0.27 56.2 90.8 75.2 70.2 34.6 
28 June 2007 0.33 56.8 73.6 95.5 77.5 46.5 
23 Aug. 2007 0.29 8.6 19.4 25.2 33.5 -- 
25 Aug. 2007 0.36 9.0 20.2 8.9 20.9 8.3 
7 Sept. 2007 0.19 21.0 21.4 5.2 7.5 7.2 
18 Oct. 2007 0.25 11.6 21.0 45.6 68.1 32.2 
† Cells with -- represent a monitoring error 
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Table 2.  Hydrology for sites located within the Lake Rathbun Watershed.  CON 4 was 
located at the field edge and GFS 5 and GFS 6 were located 15 m down slope of the 
field edge within a grass filter strip. 
 
  Rainfall % Rain as runoff 
Date 
Antecedent Soil 
Moisture, m3 m-3 
Intensity, 
mm hr-1 
Depth, 
mm CON 4 GFS 5 GFS 6 
8 Aug. 2007 0.16 61.0 91.6 5.1 3.3 0.1 
23 Aug. 2007 0.29 19.8 51.4 29.9 43.5 15.5 
7 Sept. 2007 0.25 25.8 26.4 1.3 1.9 0 
19 Sept. 2007 0.27 17.6 34.6 25.5 10.3 3.2 
8 Oct. 2007 0.32 16.4 24.2 36.2 3.9 10.8 
15 Oct. 2007 0.34 5.2 12.0 5.7 0 0 
18 Oct. 2007 0.35 11.4 15.6 46.1 10.7 20.4 
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Table 3.  Ephemeral gully lengths and sediment delivery at the Lake Darling and Lake 
Rathbun Watersheds.   
 
Lake Darling Length (m) Soil Movement (metric tons) 
CON 1 25 2.1 
FOR 2† 24 1.7 
FOR 3† 29 1.4 
   
Lake Rathbun   
CON 4 49 4.4 
GFS 5 91 22.4 
GFS 6 58 5.6 
 
†  Only showed information for the ephemeral gully within the field portion of the site. 
 
Table 4.  Average stem density within the grass filter strip in the Lake Rathbun Watershed. 
 
 Stem no. (n=6) 
 # m-2 
GFS 5 501 
GFS 6 571 
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Table 5.  Total flow and pollutant yield for the seven natural rainfall generated runoff events 
at the Lake Rathbun Watershed sites.  Monitoring took place June – October 2007. 
Date Site 
Total Flow 
(m3 ha-1) 
Peak Flow 
(L s-1) 
Total 
Sediment 
(kg ha-1) 
NO3-N 
(g ha-1) 
PO4-P 
(g ha-1) 
TN 
(g ha-1) 
TP 
(g ha-1) 
8 Aug. 2007 
CON 4 46 18.9 131 41 7.8 60 92 
GFS 5 30 19.5 140 34 3.4 30 50 
GFS 6 1 0.2 0 0 0 0 0 
23 Aug. 2007 
CON 4 153 73.0 453 98 14.8 1,035 259 
GFS 5 224 109.9 1,061 184 24.0 1,386 458 
GFS 6 80 20.4 118 63 11.9 389 90 
7 Sept. 2007 
CON 4 4 2.6 4 2 < 0.1 11 3 
GFS 5 5 5.1 12 6 0.1 25 7 
GFS 6 0 0 0 0 0 0 0 
9 Sept. 2007 
CON 4 88 35.6 217 119 2.2 497 -- 
GFS 5 36 21.2 130 52 0.6 168 -- 
GFS 6 11 3.1 8 26 0.7 74 -- 
8 Oct. 2007 
CON 4 87 4.0 15 -- 28.0 538 259 
GFS 5 10 1.4 2 -- 4.2 56 38 
GFS 6 26 0.61 -- -- -- -- -- 
15 Oct. 2007 
CON 4 7 1.0 1 -- -- 44 15 
GFS 5 0 0 0 0 0 0 0 
GFS 6 0 0 0 0 0 0 0 
18 Oct. 2007 
CON 4 90 5.5 12 173 18.2 340 33 
GFS 5 17 2.5 -- -- -- -- -- 
GFS 6 34 1.4 3 91 6.5 152 11 
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Table 6.  Total flow and pollutant yield for the 13 natural rainfall generated runoff events at 
the Lake Darling Watershed sites.  Monitoring took place April – October 2007.   
 
 
 
Date Site 
Total Flow 
(m3 ha-1) 
Peak Flow 
(L s-1) 
Total 
Sediment (kg ha1) 
NO3N 
(g ha1) 
PO4-P 
(g ha-1) 
TN 
(g ha-1) 
TP 
(g ha-1) 
24 April 2007 
CON 1 278 12.3 734 6,610 306 8,283 792 
FOR 2 267 19.3 889 6,928 165 7,979 807 
FOR 3 52 8.4 155 1,208 68 1,596 362 
25 April 2007 
CON 1 206 6.3 240 3,190 255 4,281 593 
FOR 2 146 5.1 90 3,747 96 3,634 210 
FOR 3 65 4 68 1,436 88 1,605 169 
4 May 2007 
CON 1 39 2.2 8 1,002 39 974 51 
FOR 2 64 3.5 36 2,003 28 2,019 75 
FOR 3 15 1.3 7 424 16 405 26 
7 May 2007 
CON 1 430 31.1 2,713 4,880 308 8,350 2,411 
FOR 2 282 36.6 2104 2,051 135 11,476 2,250 
FOR 3 143 34.6 1,427 -- 148 3,226 1,214 
29 May 2007 
CON 1 3 3.0 25 40 1 119 24 
FOR 2 14 2.8 12 743 6 705 23 
FOR 3 4 5.2 23 68 5 143 31 
3 June 2007 
CON 1 84 16.5 2,346 390 42 3,195 976 
FOR 2 100 27.9 1,081 1,038 39 1,890 502 
FOR 3 18 11.0 238 130 25 619 208 
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Table 6 cont.  Total flow and pollutant yield for the 13 natural rainfall generated runoff 
events at the Lake Darling Watershed sites.  Monitoring took place April – 
October 2007. 
Date Site 
Total Flow 
(m3 ha-1) 
Peak Flow 
(L s-1) 
Total 
Sediment (kg ha1) 
NO3N 
(g ha1) 
PO4-P 
(g ha-1) 
TN 
(g ha-1) 
TP 
(g ha-1) 
7 June 2007 
CON 1 10 9.6 249 -- -- -- -- 
FOR 2 2 1.5 10 -- -- -- -- 
FOR 3 -- -- -- -- -- -- -- 
25 June 2007 
CON 1 683 98.7 -- -- -- -- -- 
FOR 2 638 162.5 6,073 -- 262 9,701 2,812 
FOR 3 314 154.9 9,706 -- 338 4,528 3,198 
28 June 2007 
CON 1 640 90.8 33,930 1,688 282 7,161 5,252 
FOR 2 519 156.7 6,493 1,587 177 5,557 1,982 
FOR 3 311 154.9 15,059 745 413 5,437 6,334 
23 Aug. 2007 
CON 1 49 6.7 65 70 13 180 53 
FOR 2 65 9.7 100 68 16 345 63 
FOR 3 -- -- -- -- -- -- -- 
25 Aug. 2007 
CON 1 18 4.3 14 16 5 56 14 
FOR 2 42 10.1 62 35 10 168 58 
FOR 3 17 11.2 23 12 9 68 38 
7 Sept. 2007 
CON 1 11 2.7 14 7 -- 38 17 
FOR 2 16 4.4 15 11 -- 60 24 
FOR 3 15 6 41 16 15 84 56 
18 Oct. 2007 
CON 1 96 14.4 423 248 42 721 230 
FOR 2 143 30.3 272 266 84 675 274 
FOR 3 68 24.9 413 213 64 597 324 
 77 
 
Table 7.  Percentage of events in which sites with either the grass filter or riparian forest 
treatment yielded less flow, total sediment, NO3-N, PO4-P, total N, or total-P when 
compared to the respective control site.  The number of events used in evaluation is 
in parenthesis. 
 
 Total Flow 
Total 
Sediment NO3-N PO4-P Total-N Total-P 
GFS 5 71 (7) 50 (6) 60 (5) 80 (5) 67 (6) 60 (5) 
GFS 6 100 (7) 100 (6) 100 (6) 100 (6) 100 (6) 100 (5) 
       
FOR 2 46 (13) 58 (12) 27 (11) 60 (10) 45 (11) 45 (11) 
FOR 3 82 (11) 80 (10) 78 (9) 56 (9) 70 (10) 50 (10) 
 
Table 8.  Average percentage of pollutant load relative to its control for the events in which 
the treatment was considered effective.  
 
 
Total Flow 
Total 
Sediment NO3-N PO4-P Total-N Total-P 
GFS 5 73 76 58 79 76 77 
GFS 6 81 91 77 75 84 86 
      
FOR 2 58 22 40 18 37 29 
FOR 3 46 51 59 55 61 55 
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Figure 1.  Map of Iowa’s physiological regions and the location of the Lake Darling and Lake 
Rathbun Watersheds. 
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Figure 2.  Watersheds for sites CON 1, FOR 2, and FOR 3 located within the Lake Darling 
Watershed in Southeastern Iowa.  Watersheds were delineated using Arc Hydro 
(ESRI).  The yellow circles represent the flume locations.   
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Figure 3.  Watersheds for sites CON 4, GFS 5, and GFS 6 Located within the Lake Rathbun 
Watershed in Southern Iowa.  Watersheds were delineated using Arc Hydro 
(ESRI).  The yellow circles represents the flume locations.   
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Figure 4.   Distribution of the observed yield of total sediment, nitrate-N, ortho-P, total-N, 
and total-P at CON 4 among rainfall events throughout the monitoring period.  
Nitrate-N data is missing for 15 October 2007 and 18 October 2007.  Ortho-P data 
is missing for 18 October 2007 
 
 
 
 
 
 
 
 
Figure 5.  Distribution of the observed yield of total sediment, nitrate-N, ortho-P, total-N, and 
total-P at GFS 5 among the rainfall events throughout the monitoring period.  
Total-P data is missing for 19 September 2007, and nitrate-N data is missing for 8 
October 2007. 
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Figure 6.  Distribution of the observed yield of total sediment, nitrate-N, ortho-P, total-N, and 
total-P at GFS 6 among the rainfall events throughout the monitoring period.  
Total-P data is missing for 19 September 2007. 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Distribution of the observed yield of total suspended sediment, nitrate-N, ortho-P, 
total-N, and total-P at CON 1 among the rainfall events from April – October 
2007. Only suspended sediment was analyzed for the event on 7 June 2007.   
Ortho-P data for 7 September 2007 is missing. 
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Figure 8.  Distribution of the observed yield of total sediment, nitrate-N, ortho-P, total-N, and 
total-P at FOR 2 among the rainfall events from April – October 2007.   Only 
suspended sediment was analyzed for the event on 7 June 2007.   Ortho-P data for 
7 September 2007 is missing. 
 
 
 
 
 
 
 
 
 
Figure 9.  Distribution of the observed yield of total sediment, nitrate-N, ortho-P, total-N, and 
total-P at FOR 3 among the rainfall events from April – October 2007.  Nitrate-N 
data is missing from 25 June 2007.   
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Chapter 5.  General Conclusion 
Summary of results 
The study of monitoring Bear Creek nitrate-N flux was designed to gain a more 
thorough understanding of dynamics of stream water nitrate-N flux within an agricultural 
watershed.  Flux was investigated throughout the year, along a spatial gradient, and in 
response to specific storm events within a watershed.  There was a general trend of 
decreasing nitrate-N concentration as one moved downstream.  This was especially 
evidenced during the spring and fall seasons when subsurface drainage was the greatest, 
suggesting that the contribution of artificial subsurface drainage flow decreases in its 
contribution to baseflow in Bear Creek along a downstream gradient.  Nitrate-N 
concentration was highest in the spring at all sties. There is a higher amount of nitrate-N 
reaching the surface waters during the spring due to the high precipitation and low 
evapotranspiration potential, which increases subsurface drainage flow.  The subsurface 
drainage flow effectively delivers the leaching nitrate-N which derives from mineralized soil 
organic matter and nitrogen fertilization.  The summer season was the season with the lowest 
nitrate-N concentration.  The low concentrations are a result of low base flow and high 
temperatures, which lead to ideal conditions for in-stream processing.  During the event 
sampling, a distinct lag of the peak in nitrate-N concentration following the peak in the 
hydrograph was evident.  There was also an initial dip in nitrate-N concentration, which is a 
result of dilution from lower concentration surface runoff and channel intercepted rainfall 
reaching the stream before the subsurface drainage flow.   
The study of quantifying the impacts of concentrated flow on the performance of 
grass filter strips and riparian forest buffers was designed to quantify the amount of pollutant 
load coming from concentrated flow, to determine how effective grass filter strips and 
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riparian forest buffers are at mitigating the effects of concentrated flow, and to compare the 
MUSLE predicted sediment load yield to observed sediment yield.  This study was unique in 
that it was performed at hillslope scale and under natural rainfall conditions.  Results of 
comparing the MUSLE predicted sediment load yield to observed sediment yield in small 
catchments with ephemeral gullies indicates that the MUSLE generally under predicts the 
amount of sediment.  Ephemeral gullies appear to increase the amount of surface runoff and 
sediment delivery due to a decrease in surface roughness.  The MUSLE also has a general 
weakness in using the curve number method to predict flow depth.  The curve number is 
based on a 24 hour rainfall depth, so rainfall intensity is not taken directly into account.   
The results of determining the effectiveness of a grass filter strip and riparian forest 
buffer in attenuating concentrated flow suggested that both practices may be compromised 
when concentrated flow is a factor.  There appears to be a threshold that is dependent upon 
the amount and intensity of rain in the storm event and contributing area to effective buffer 
ratio in the grass filter strips.  The larger the contributing area to effective buffer ratio, the 
smaller the rain fall event required to compromise the buffer.  The riparian forest sites were 
less predictable for which storm events they can be considered effective under conditions of 
concentrated flow.  This is because there is little to no resistance to concentrated flow within 
the riparian forest as the ephemeral gully continues through the forest.  Ephemeral gullies 
that form in fields and continue into a riparian forest often become classical gullies within the 
forest. 
Recommendations for future research 
There have been few studies assessing the effects of concentrated flow on edge of 
field conservation practices, especially at the hillslope scale and under natural rainfall 
conditions.  Most research to date has been conducted at the plot scale and under conditions 
of uniform flow.  Results reported in this literature may be misleading since most studies 
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report that grass filter strips are an effective measure at reducing sediment and nutrient 
transport in uniform surface runoff.  Conditions of concentrated flow are a common 
phenomena, however, as evidenced by Knight (2007).  Knight found 74 concentrated flow 
paths along only 17.6 km of crop field/buffer edge.  Knight’s results and the results of this 
thesis indicate that effects of concentrated flow should be a priority area in conservation 
research.  More needs to be known about the naturally occurring contributing area to 
effective buffer ratios as they occur naturally.  Land managers need to take the contributing 
area to effective buffer ratio into account when designing conservation practices.  Research 
should also be performed at the hillslope scale and under natural rainfall conditions on the 
impacts of concentrated flow on warm season grass buffers.  
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